The effect of indoleacetic acid (IAA) and fusicoccin (FC) on the breakdown of phosphatidylinositol in maize (Zea mays L.) coleoptiles has been studied. Coleoptiles were able to incorporate [3H] myo-inositol into the phospholipid fraction almost linearly for 8 hours. Thin layer chromatography analysis of total phospholipids showed that [3H]myo-inositol was incorporated only into phosphatidylinositol. Prelabeled coleoptiles treated with IAA showed a loss of the radioactivity incorporated in the phospholipid fraction, whose level decreased by 34% after 1 hour. Treatment with FC, on the contrary, did not modify the content of labelled phosphatidylinositol with respect to the control. The different effects of IAA and FC and a possible mechanism of IAA action on growth are discussed.
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IAA and FC treatment on the breakdown of phosphatidylinositol in maize coleoptiles is reported.
MATERIALS AND METHODS

Plant Material
Two millimeter coleoptile segments from 3-d-old etiolated maize seedlings (Zea mays L., cv DeKalb XL85) were used. Seeds were germinated at 26°C in the dark as already reported (24) . The 2 mm segments were obtained by cutting the coleoptile cylinder with a multiblade device and then deblading the segments with a needle.
Treatments
Transducing mechanisms are very important to signal intraand extracellular stimuli to the cell. In animal cells the mechanisms involved in the translation of these signals (hormones, neurotransmitters, and growth factors) are linked to the hydrolysis of the phospholipidic fraction of the membrane. In particular, the hydrolysis of PI2 phosphates plays a major role in the flux ofthese signals through the release ofcalcium from internal stores induced by IP3 (1, 3, 15) and through the activation of protein kinase C by diacylglicerol (19) . In plant cells, the knowledge about the mechanisms leading to the transduction of intra-and extracellular signals (light, phytohormones, and environmental changes) is still very scarce. Phytohormones might utilize such a way for the transduction of their signals to the cell. In particular, IAA is involved in the regulation of many processes in plants such as cell elongation, cell division and differentiation (5) and the search for its molecular action is provocative. Receptors for IAA have been found in plant tissues (13) and an effect of IAA upon the level of phosphatidylinositol metabolites (9) and an effect of the synthetic auxin 2,4-D on PI turnover (18) The cylindrical segments so obtained, 1 g per test, were washed in distilled water and preincubated for 1 h in 10 mL of a buffer containing 5 mM sucrose and 2 mm Tris-Mes (pH 6.2). The preincubation buffer was then substituted with 10 mL of the same fresh buffer containing 0.37 kBq/mL of [3H] myo-inositol (Amersham) and the coleoptiles incubated for the desired time. After 2 h incubation, coleoptiles were carefully rinsed with fresh buffer and allowed to exchange free [3H]myo-inositol in 10 mL of the same buffer supplemented with 5 mm unlabeled myo-inositol for 15 min. After a new rinsing, 10 mL of fresh buffer containing l0-' M IAA or I0-' M FC were added and the coleoptiles allowed to incubate for the further desired time. All the incubations were carried out at 26°C in a thermoregulated and agitated water bath.
Extraction of Phospholipids
At the end of the treatments, coleoptile segments were extracted with 1 mL of chloroform:methanol (2:1, v/v), three times. The chloroform phases were separated from the aqueous phases, combined and dried under a stream of N2.
Phospholipids were dissolved in 100 gL of chloroform:methanol (2:1). The radioactivity incorporated in the phospholipid fraction was determined by pipetting 50 gL of the chloroform:methanol solution into vials, drying under nitrogen and adding 10 mL of scintillation cocktail. Radioactivity was measured in a liquid scintillation spectrometer (Beckman LS 7500). TLC analysis was performed according to Monaco (16) on silica gel G using chloroform:methanol:acetic acid:water (30:15:4:2, v:v:v:v) as the solvent system. Phospholipids were detected by spraying the Plant Physiol. Vol. 94, 1990 plates with the Fiske and Subbarow ( 11) reagent and heating at 100°C for 20 min. Phosphatidylinositol was determined by comparison, on the same plate, with pure PI marker (Sigma). The chromatogram was divided in 0.5 cm segments, the gel carefully scraped off and put in vials with 10 mL of the scintillation cocktail. The radioactivity present was determined by liquid scintillation counting.
RESULTS AND DISCUSSION
Maize coleoptiles were able to incorporate [3H]myo-inositol into the phospholipid fraction linearly for more than 8 h (Fig.  1) . The compound in which the [3H]myo-inositol had been incorporated was PI, as determined by TLC analysis of total phospholipids extracted and by comparing the spots on the chromatogram with pure PI marker. The radioactivity incorporated into the phospholipid fraction was present for more than 85% in one single spot on the chromatogram and corresponded to the PI marker (Fig. 2) . The possible effect of IAA and FC on PI breakdown has been studied. Table I reports the data obtained after preincubation of the segments for 2 h with [3H]myo-inositol and thus treating them with or without IAA (I0-M). As shown, already after 5 min of IAA treatment, the radioactivity recovered in the phospholipid fraction extracted from the coleoptile segments fell by 10% with respect to the control. This decrease reached 34% after 1 h of IAA treatment and did not change after one further hour incubation (not shown), indicating that there was a continuous breakdown of PI in the first hour, at least when IAA is still present or supposedly bound to the receptors. This is in agreement with the suggestion by Berridge (2) that animal cells need a continuous stimulus and production of second messengers to sustain growth and development. The decrease in the radioactivity incorporated in the control coleoptiles was never more than 5 to 8%.
The fungal toxin fusicoccin, which shares with IAA the capacity to increase medium acidification, the hyperpolarization of membrane electrical potential and the induction of cell elongation (14) on PI breakdown (Table II) . In fact, coleoptiles treated with FC (IO-' M) did not show any appreciable change in the radioactivity content with respect to the control. The difference between the effects of IAA and FC on PI breakdown is peculiar, reflecting, more likely, a different mode of action of the toxin with respect to IAA in inducing specific plant responses and a different pathway for transducing the signal. The molecular mechanism of IAA action in inducing cell growth is still controversial (see ref. 5 for a review). IAA is believed to act within the cytoplasm by promoting changes in the acid-producing metabolism (5) . On the other hand, the postulated mechanism of FC action is the direct activation of the plasma membrane H+-ATPase (20) upon the binding to its receptor localized on the plasma membrane (7) and it is through this mechanism that the toxin exerts all its physiological effects (14) . Moreover, a different mode of action of the (4) two substances has also been suggested for their capacity in lowering the cytosolic pH (10) . Hydrolysis of PI is believed to be a crucial mechanism in animal transducing systems (1, 3, 15, 19) . The mechanism of IAA action might involve second messenger molecules derived from PI phosphate hydrolysis, such as diacylglycerol and IP3 and/or Ca2" ions. The presence of IP3 in plant tissues has been confirmed (4, 6, 12) and it has been shown that IP3 is able to promote calcium release from intracellular sources in plants, as well (8, 21, 22) .
In conclusion the data presented in this paper confirm that the treatment with IAA induces the hydrolysis of PI in plant tissues and hypothesize, on the contrary, a different mechanism of action for FC which does not involve the breakdown of the same molecule. Besides, they are also in agreement with the models hypothesized for the transduction of IAA signal (17, 23) 
